Site-directed mutagenesis of a portion of the extracellular domain of the rat thyrotropin receptor important in autoimmune thyroid disease and nonhomologous with gonadotropin receptors. Relationship of functional and immunogenic domains.
Residues 287 to 404 of the rat thyrotropin (TSH) receptor exhibit little homology to gonadotropin receptors. A large segment of this region, residues 303-382, has no determinants important for TSH to bind or elevate cAMP levels nor for the activity of thyroid-stimulating autoantibodies (TSAbs) from the sera of Graves' patients, i.e. deletions, substitutions, or mutations in this segment do not result in a loss of any of these activities in transfected Cos-7 cells. Critical residues for these activities do, however, flank both sides of this segment. Of particular interest, deletion or mutation of residues 299-301 and 387-395 results in a marked decrease in high affinity TSH binding but preserves the ability of a TSAb to increase cAMP levels. Tyrosine 385 is also of particular interest since its mutation to phenylalanine, alanine, threonine, or glutamine results in a receptor with a 20-fold decrease in the ability of TSH to bind or increase cAMP levels, but one whose TSAb activity is, once again, preserved. Because one activity is preserved, we can conclude that (a) the receptor must be fully integrated within the membrane of the cell without malfolding, (b) these sequences represent determinants involved in the high affinity TSH binding site, and (c) separate determinants exist for high affinity TSH binding and TSAb activity, consistent with the existence of autoantibodies in Graves' sera which inhibit TSH binding (TBIAbs) or which increase cAMP levels (TSAbs). Additionally, we show that a 16-mer peptide (residues 352-367), which reacts with the sera of greater than 80% of patients with Graves' disease, can induce the formation of antibodies to a peptide with no sequence homology, residues 377-397. This peptide flanks the region, residues 303-382, with no determinants important for TSH receptor binding or activity. As noted above, it contains residues involved in the high affinity TSH binding site but whose deletion or mutation has no effect on TSAb activity, i.e. residues which would appear to be required at an epitope important for TBIAb but not TSAb antibody activity.